The best MR Imaging planes, pulse sequences, and imaging strategies for evaluating and classifying traumatic lesions were evaluated, and the mechanisms by which traumatic stresses result in injury were reviewed. MR was found to be superior to CT and to be very effective in the detection of traumatic head lesions and some secondary forms of injury. While T2-welghted images were most useful for lesion detection, TI-weighted images proved to be most useful for anatomic localization and classification.
In the last decade CT has played a critical role in the diagnostic evaluation of patients with closed head trauma, providing an accurate means of diagnosing potentially reversible intracranial hematomas [1 -1 0]. Despite fulfilling this important role, CT has been less helpful in the detection and characterization of many types of traumatic lesions. It is apparent from pathologic studies that CT underestimates the severity of many forms of cerebral injury such as primary brainstem injury, nonhemorrhagic cortical contusion, and diffuse axonal injury [3, 5, 1 0-i 8] . Although autopsy studies have been helpful in characterizing the distribution and morphology of these lesions, they only reflect the nature of the disease in the most severely injured patients.
Since CT cannot accurately assess the full spectrum of lesions in patients, it has not been possible to develop clinically useful CT imaging criteria for classifying and staging the severity of cranial trauma [1 0, 1 3, 1 6-i 8]. MA, however, has been
shown to be highly sensitive in detecting both hemorrhagic and nonhemorrhagic lesions in the temporal lobe tended to lie adjacent to the temporal horn of the lateral ventricle (Fig. 1 ). The corpus callosum was the second most common area involved in diffuse axonal injury (21 .5% of lesions). The vast majority (71 .9%) of callosal lesions were found in the splenium (Fig. 2) . Although the splenial lesions were usually unilateral and slightly eccentric to the midline, in several instances involvement was bilateral. These lesions were most clearly imaged on highly Ti -weighted (inversion-recovery or spinecho) axial scans. There was a very strong association be- Of the diffuse axonal lesions, 1 8.8% were located in the corona radiata, with slightly more than half in its posterior portion. These were usually slightly larger than those located more superficially in the lobar white matter. Only 8.1% of diffuse axonal lesions were in the capsular region, with most of these involving the posterior limb of the internal capsule. Most internal capsule lesions were found at its junction with the cerebral peduncle.
Cortical Contusions
The second most common type of traumatic lesion was the cortical contusion [i3, 1 6, 1 7, 24-30].
To be placed in this category, the lesion had to (1 ) primarily involve the superficial cortex;
(2) show relative sparing of the underlying white matter;
(3) have a dural or osseous base; and (4) have a (Figs. i , 3 , and 4). Hemorrhagic lesions were more often distributed along the inferolateral surfaces of the frontal and temporal lobes (Table 3 ). The temporal lobe was the most common site of cortical contusions (45.9% of lesions). Although the lateral aspect of the temporal lobe was the region most often injured, a significant percentage of lesions was also found along the medial surface and anterior pole. In this series, only 9.7% of temporallobe contusions primarily involved the inferior surface. The frontal lobe was the second most common site for contusions (3i .1 % of lesions). The vast majority of these lesions were found along the lateral aspect of this lobe or in a subfrontal location just above the lesser sphenoid wing and planum sphenoidale.
The frontal pole was seldom involved. The parietooccipital lobes and cerebellum were the sites of i 3.3% and 9.6% of cortical contusions, respectively. Those in the panetooccipital region were most prevalent along the lateral convexity. Cerebellar lesions typically involved the superior vermis, tonsils, and inferior aspects of the hemispheres.
Subcortical

Gray-Matter Lesions
Fourteen traumatic lesions were localized to the subcortical gray matter, representing only 4.5% of all primary lesions (Fig. 4) . A higher percentage of these lesions (57.1 %) were hemorrhagic as compared with any other type of lesion. This is most likely due to the high vascularity of this portion of the brain, supplied by a rich network of perforating vessels. The majority of these lesions were confined to the thalamus (Table  4 ). The severity of neurologic impairment for the eight patients with this type of injury was greater (mean GCS = 7.6) than that for all patients in this series (mean GCS = 9.8). The mechanism for production of this type of lesion may be the same as that for a similar category of lesions described by [24, 25] , that this form of injury may be secondary to disruption of multiple small perforating blood vessels (Fig. 4B ).
Primary Brainstem Lesions
Ten patients (1 1 lesions) were thought to have lesions of the brainstem ( 
Classification, Characterization, and Localization of
Secondary
Brain Injury
Although the thrust of this article is concerned with primary forms of injury, we did observe several instances of secondary forms of injury that must be differentiated from primary lesions (n = 5) and parahippocampal(n = 7) gyri in our series. It was often difficult to separate pressure necrosis from primary lesions (Fig. 3) . The presence of significant mass effect, cisternal compression, and midline displacement often suggested pressure necrosis. Territorial arterial infarction was encountered in only one patient (Fig. 6) . Diffuse hemispheric brain swelling and edema were not apparent in any patient as an isolated process, but were always associated with an underlying injury to the brain (cortical contusion, diffuse axonal injury, extraaxial hematoma, territorial infarction).
MR Imaging Plane and Pulse Sequences
The visibility of a lesion on a particular pulse sequence was influenced by a number of factors (presence of hemorrhage, interval of time since injury, size and anatomic location of the lesion). The overall relationships between lesion detectability and the presence of hemorrhage for various MR pulse sequences were examined in part 1 of this report [1 6]. The most important factor that affected lesion visibility was the MR imaging pulse sequence used. T2-weighted images were the The MA imaging plane was less important than the pulse sequence in lesion detectability (Table 6 ). The axial and coronal planes showed similar sensitivities for detecting all types of lesions. This was true for both Ti -and T2-weighted pulse sequences.
For specific lesions, however, one plane of imaging was often superior.
The superficial lesions were seen best when the imaging plane was perpendicular to the cortical base of the lesion. Deep subcortical lesions were seen equally well with all imaging planes. The best plane for visibility of callosal lesions depended on the portion involved. Axial scans were superior for visualizing lesions in the genu and splenium (Fig. 2) , while coronal scans were better for those within the body. Since brainstem lesions were usually small, multiple imaging planes were frequently helpful in detecting them.
GENTRY ET AL. AJR:150, March 1988 Multiple imaging planes were also helpful for classifying the type of traumatic lesion. For example, it was often difficult, with only one plane of imaging, to determine whether a small lesion close to the cortical surface was from diffuse axonal injury or cortical contusion.
Only when the imaging plane was perpendicular to the adjacent calvarium was this reliably established (Fig. 1) . 7) and is independent of the direction of rotation within a given plane. The location of maximum shearstrain is also independent of the distance from the center of rotation, the arc of rotation, and the intensity of the force. The magnitude of shear-strain, however, is dependent on these factors as well as on the duration of the rotational force. Figure 7 illustrates the location of maximum shear-strain for all three orthogonal planes of rotation [24, 25] . Holboum [24, 25] 
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